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DESCRIPTION 

METHOD FOR PRODUCING BIREFRINGENT FILM, AND OPTICAL 
FILM AND IMAGE DISPLAY USING THE BIREFRINGENT FILM 

5 

Technical Field 

[000 1] The present invention-relates to a method for producing a 
birefiingent film, and also to an optical film and various image displays using 
the birefiingent film. 

10 Background Art 

[0002] In various image displays such as a Hquid crystal display, a 
birefiringent film generally is used for the purpose of, for example, solving 
coloring or widening a viewing angle, in order to improve display 
characteristics. In general, such a birefringent film is produced by 

15 stretching a polymer film uniaxiaUy or biaxially so as to adjust the 
birefiringence or retardation of the polymer film. 

[0003] In the case where such a birefringent film is used in a hquid crystal 
display together with a polarizing film, it is generally necessary to arrange 
the birefiingent film and the polarizing film so that the slow axis of the 
20 birefiingent film is parallel to the transmission axis of the polarizing film. 
In general, the direction of the slow axis of a birefiingent film coincides with 
the film stretching direction, while the direction of the transmission axis of a 
polarizing film coincides with the direction perpendicular to the film 
stretching direction. 

25 [0004] However, arranging the birefringent film and the polarizing film in 
the above-described manner involves the following problem in production. 
That is, when a polymer film is stretched by an industrial process, the 
polymer film generally is moved in the longitudinal direction so as to be 
wound around a roUer while being subjected to a stretching treatment. 

30 When the birefiingent film and the polarizing film that have been 




respectively wound around rollers as described above are attached to each 
other, continuous attaching can be achieved by winding them again around a 
roUer while attaching them to each other in the state where the longitudinal 
directions of the respective film s are directed in the same direction. 
5 Accordingly, in order to arrange these films so that the transmission axis and 
the slow axis are parallel to each other and attach them continuously, it is 
necessary that the polarizing film is stretched in the longitudinal direction 
whereas the birefringent film is stretched in the width direction. That is to 
say, in order to allow the direction of the transmission axis of the polarizing 

10 film (i.e., the direction perpendicular to the stretching direction) and the 

direction of the slow axis of the birefringent film G.e., the stretching direction) 
to be the width directions of the respective films, the birefiringent film needs 
to be stretched in the width direction. However, if a polymer film is 
stretched in the width direction continuously to produce a birefringent film, a 

15 so— called bowing phenomenon may occur so that an ahgnment axis within 
the plane of the film has a fan-like shape, for example. Therefore, it is 
dif&cvdt to achieve uniformity in ahgnment axis, birefringence, and 
retardation by stretching the polymer film in the width direction. 
[0005] On this account, as a method of stretdiing a polymer fihn in the 

20 width direction, there has been employed a method in which a polymer film 
that has been stretched in the width direction is then subjected to a 
relaxation treatment for causing the width thereof to return to the original 
width, thereby improving the uniformity in slow axis in the width direction 
(the stretching direction). However, since the polymer film generally is 

25 formed on a base directiy and then is stretched together with the base, the 
method may be affected by variation in physical properties of the base. 
Moreover, depending on the type of the polymer film, sufficient relaxing effect 
cannot be obtained. Therefore, according to this method, it is difELcult to 
produce uniform birefringent films stably by an industrial process. 

30 Furthermore, although there has been an attempt to suppress the bowing 



phenomenon by cooling the poljnner film after stretching, this cannot avoid 
the bowing phenomenon completely (e.g., Non-patent Document l). Also, 
there has been disclosed a method in which a base on which a polymer film is 
formed is held between chucks of a tenter stretching machine in a loosened 
5 manner and the base is then heat— shrunk (e.g., Patent Document l). 

However, this method has problems that the base used is hmited to a heat 
shrinkable base and that, if the base is too thick, wrinkles may be formed 
when loosening the base, thereby making it difficult to loosen the base stably. 
Other than the above-described methods, there have been disclosed methods 

10 in which conditions for carrying out film stretching are detemoined, such as, 
for example, a method in which the width of a stretched film is set to be the 
square root of a stretch ratio (e.g., Patent Document 2), a method in which 
the width by which a film shrinks due to stretching in the longitudinal 
direction is defined (e.g.. Patent Document 3), and a method in which a film 

15 that has been stretched is subjected to thermal relaxation (e.g., Patent 
Document 4). However, from an industrial viewpoint, it is difficult to 
produce birefidngent films stably according to these methods. 

Non-patent Document 1- T. Yamada et al. Intn. Polym, Process., Vo. X, 

Issue 4, 334-340 (1995) 

20 Patent Document i: JP 6(l994)-51116 A 

Patent Document 2 : JP 3(199 1)-23405 A 

Patent Document 3: JP 2(l990)-191904 A 

Patent Document 4: JP 5(l993)-2493 16 A 

Disclosure of Invention 

25 Problem to be Solved by the Invention 

[0006] With the foregoing in mind, it is an object of the present invention to 
provide a method for producing a birefiingent film by stretching a polymer 
film in the width direction, by which it is possible to produce a birefiingent 
film that has excellent appearance and also excellent imiformity in optical 

30 characteristics with variations in birefringence, retardation, and alignment 
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axis angle being suppressed. 
Means for Solving Problem 

[0007] In order to achieve the above object, a method for producing a 
bire&ingent film according to the present invention is characterized in that, 
5 in the step of stretching a polymer film, the polymer film is stretched in a 
width direction while being shrunk in a longitudinal direction (a direction 
perpendicular to the width direction), and assuming that lengths in the width 
direction and the longitudinal direction of the polymer film before being 
stretched are 1, a change ratio (STD) of the length in the width direction of 

10 the polymer film resulting from the stretching and a change ratio (SMD) of 
the length in the longitudinal direction of the poljrmer film resulting from the 
shrinking satisfy a relationship represented by the following formxda (l). 
[0008] (l/STD)i/2 < SMD < 1 ... (l) 

Effects of the Invention 

15 [0009] By causing the polymer film to be stretched in the width direction 
while being shrunk in the longitudinal direction and settiag the degree of 
stretching in the width direction and the degree of shrinking in the 
longitudinal direction so as to satisfy the requirement represented by the 
formula (l) as described above, it is possible to ef&ciently obtain a 

20 birefruigent film that has excellent appearance and also excellent optical 
characteristics with refiractive indices in the in-plane direction and the 
thickness direction being controlled precisely and a birefringence, a 
retardation and an ahgnment axis, especially an alignment axis accuracy in 
the width direction, being xmiform. Abirefringent film obtained by such a 

25 production method can improve, for example, display characteristics of 

various image displays such as a liquid crystal display due to its properties. 
Besides, the birefringent film can be attached to a polarizing film 
continuously as described above. Hence, the birefringent film is very useful 
from an industrial viewpoint. 

30 [00 10] Note here that an idea of causing the polymer film to be stretched in 



the width direction while being shrunk in the longitudinal direction and 
setting a condition for performing the stretching and shrinking so as to 
satisfy the formula (l) as described above is newly discovered by the 
inventors of the present invention through in-depth research. More 
5 specifically, the inventors of the present invention compared deformation of a 
polymer film caused by conventional stretching in the width direction and 
deformation of a polymer film caused by conventional stretching in the 
longitudinal direction, and focused on the fact that these deformations 
exhibited the behavior as shown in Table 1 below. Table 1 shows change 

10 ratios of a polymer film in three dimensions (i.e., tiie longitudinal direction, 
the width direction, and the thickness direction). In Table 1, the change 
ratios are represented as values obtained assuming that the width, the length, 
and the thickness of the polymer film before being stretched are "1", and STD 
represents the change ratio in the width direction while SMD represents the 

15 change ratio in the longitudinal direction. That is, the inventors of the 
present invention focused on the fact that, as shown in Table 1, the 
conventional stretching in the width direction causes no deformation in the 
longitudinal direction, which may be one reason why the bowing phenomenon 
occurs, whereas, according to the conventional stretching in the longitudinal 

20 direction, it is generally easy to cause desired deformations in the width 

direction and the thickness direction. Based on this fiinding, the inventors 
conducted in-depth research, thereby arriving at the present invention. 
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[0011] [Table l] 



Deformation in Deformation in Deformation in 

longitudinal direction width direction thickness direction 



Prior art 


Stretching in 
width 
direction 


1 


STD 


1/STD 


Prior art 


Stretching in 
longitudinal 
direction 


SMD 


STD = (l/SMD)i'2 


(l/SMD)i'2 


Present 
invention 


Stretching + 
Shrinking 


(l/STD)i/2<SMD 


STD 


(l/SMD)i'2 



Best Mode for Carrying Out the Invention 
5 [0012] As described above, the method for producing a birefringent film 
according to the present invention is characterized in that, in the step of 
stretching the polymer film, the polymer film is stretched in a width direction 
whUe being shrunk in a longitudinal direction, and assunnng that lengths in 
the width direction and the longitudinal direction of the polymer film before 

10 being stretched are 1, a change ratio (STD) of the length in the width 

direction of the polymer film resulting firom the stretching and a change ratio 
(SMD) of the length in the longitudinal direction of the polymer film resulting 
from the shrinking satisfy the following formula (l). In the present 
invention, in the case of a rectangular polymer film, the longitudinal direction 

15 refers to a direction along which the distance between both ends of the 
polymer film is longer and the width direction refers to a direction 
perpendicular to the longitudinal direction. On the other hand, in the case 
of a square poljnner film, it is only required that both the directions are 
perpendicular to each other. 

20 [0013] (l/STD)i/2 < SMD < 1 ... (l) 

In the case where "SMD = 1", i.e., the size of the polymer fiilm in the 
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longitudiaal direction does not change, the problem of the occurrence of the 
bowing phenomenon cannot be solved. On the other hand, in the case where 
"(l/STD)i'2 > SMD", wrinkles may be formed in the width direction of the 
polymer film, thereby causing a problem in terms of appearance. 
5 [0014] In the formula (l), it is preferable that SMD = (l/STD)i'2. 

Furthermore, it is preferable that the SMD specifically is less than 0.99, more 
preferably in the range firom 0.85 to 0.95, and particularly preferably in the 
range from 0.88 to 0.93. Moreover, in the formula (l), (l/STD)i/2 preferably 
is less than 0.99, more preferably in the range from 0,85 to 0.95, and 

10 particularly preferably in the range from 0.88 to 0.93, so that the STD 

preferably is less than 1.5, more preferably not less than 1.01 and less than 
1.5, and particxdarly preferably in the range from 1.1 to 1.3. More 
specifically, when the STD is 1.2, the SMD preferably is in the range from 0.9 
to 0.92, and when the STD is 1.3, the SMD preferably is in the range from 

15 0.86 to 0.90. In the case where SMD = (l/STD)i/2 the formula (l), which is 
a preferable requirement in the present invention, the change ratios of the 
polymer film in the three dimensions are presumed to be as foUows, for 
example: SMD = (l/STD)i/2 in the longitudinal direction, the STD in the 
width direction, and (l/STD)i'2 the thickness direction. 

20 [0015] The stretching treatment and the shrinking treatment to be 

performed at the same time as described above may be performed directly 
with respect to the polymer film. Alternatively, the polymer film may be 
disposed on the base and then the base may be subjected to the stretching 
treatment and the shrin k ing treatment, thereby treating the polymer film 

25 indirectly, or the laminate of the base and the polymer film may be subjected 
to the stretching treatment and the shrinking treatment at the same time. 
[0016] The polymer film is not particularly limited, and may be a film 
formed of a polymer conventionally well known as a material for forming a 
birefringent film. Examples of the polymer include polycarbonate; 

30 polyalylate; polysxilfone; polyesters such as polyethylene terephthalate (PET) 
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and polyethylene naphthalate; polyethersxdfone; polyvinyl alcohol; polyolefins 
such as polyethylene and polypropylene; cellulose— based polymers; 
polystyrene, polymethacrylate; polyvinyl chloride; polyvinyhdene chloride; 
polyamide; norbomene—based polymers; and mixtures containing an 
5 altemating copolymer of isobutene and N-methyl maleimide and an 
acrylonitrile-stjnrene copolymer. 

[0017] It is preferable that the polymer film is, for example, optically 
transparent, and the light transmittance thereof preferably is not less than 
85%, more preferably 90%, for example. Furthermore, it is preferable that 

10 imevenness in ahgnment is small. 

[0018] In the case where a polymer film is formed on a base directly, it is 
preferable to use non— liquid crystal poljnners hsted below, for example. A 
non— Uquid crystal polymer can form a birefringent film exhibiting optically 
negative uniaxiaHty ("nx > nz" and "ny > nz") only by being coated on a base 

15 according to its own nature, regardless of the ahgning property of the base. 
Moreover, by stretching the thus-obtained birefiringent film, the optical 
characteristics of the birefringent film can be changed so as to exhibit 
negative biaxiality ("nx > ny > nz"). Accordingly, the birefringence and the 
retardation can be adjusted still more easily, and besides, the base to be used 

20 in not limited to an alignment base. Note here that nx, ny and nz 

respectively represent refiractive indices in an X— axis direction (i.e., a slow 
axis direction), a Y— axis direction, and a Z— axis direction in the poljmaer film, 
with the X— axis direction being an axial direction exhibiting a maximum 
refiractive index within a plane of the polymer film, the Y— axis direction being 

25 an axial direction perpendicular to the X axis within the plane, and the 

Z— axis direction being a thickness direction perpendicular to the X axis and 
the Y axis. 

[0019] The non— Uquid crystal polymer preferably is polyamide, polyimide, 
polyester, polyetherketone, polyaryletherketone, polyamide imide, 
30 polyesterimide, or the like because of its excellent heat resistance, chemical 
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resistance, transparency, and hardness. It may be possible to use one of 
these polymers alone or a mixture of two or more polymers having different 
functional groups, for example, a mixture of polyaryletherketone and 
polyamide. Among these polymers, polyimide or the hke is particularly 
preferable because high birefringence can be obtained. 
[0020] The molecular weight of the above-mentioned polymer is not 
particularly limited, but the weight— average molecular weight (Mw) thereof 
preferably ranges from 1,000 to 1,000,000 and more preferably ranges from 
2,000 to 500,000. 

[0021] As the polyimide, it is preferable to use a polyimide that has a high 
in— plane ahgnment and is soluble in an organic solvent. For example, it is 
possible to use a condensation polsnner of 9,9-bis(aminoary])fluorene and an 
aromatic tetracarboxyhc dianhydride disclosed in JP 2000—511296 A, more 
specifically, a polymer containing at least one repeating unit represented by 
the formula (l) below. 
[0022] [Chemical Formula l] 



N 




20 [0023] In the above formula (l), to are at least one substituent selected 
independently from the group consisting of hydrogen, halogen, a phenyl 
group, a phenyl group substituted with 1 to 4 halogen atoms or a Ci - lo alkyl 
group, and a Ci - lo alkyl group. Preferably, R^ to R^ are at least one 
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15 
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substituent selected independently from the group consisting of halogen, a 
phenyl group, a phenyl group substituted with 1 to 4 halogen atoms or a Ci - 
10 alkyl group, and a Ci - lo alkyl group. 

[0024] In the above formula (l), Z is, for example, a Ce- 20 quadrivalent 
aromatic group, and preferably is a pyromeUitic group, a polycydic aromatic 
group, a derivative of a polycydic aromatic group or a group represented by 
the formula (2) below. 
[0025] [Chemical Formula 2] 




[0026] In the formula (2) above, Z' is, for example, a covalent bond, a C(B7)2 
group, a CO group, an O atom, an S atom, an SO2 group, an Si(C2H5)2 group 
or an NR^ group. When there are plural Z's, they may be the same or 
different. Also, w is an integer from 1 to 10. R'^s independently are 
hydrogen or C(R9)3. R® is hydrogen, an alkyl group having from 1 to about 
20 carbon atoms or a C6-20 aryl group, and when there are plural R^s, they 
may be the same or different. R^s independently are hydrogen, fluorine or 
chlorine. 

[0027] The above-mentioned polycydic aromatic group may be, for example, 
a quadrivalent group derived from naphthalene, fluorene, benzofluorene or 
anthracene. Further, a derivative of the above-mentioned polycydic 
aromatic group may be the above— mentioned polycychc aromatic group 
substituted with at least one group selected from the group consisting of, for 
example, a Ci - 10 alkyl group, a fluorinated derivative thereof and halogen 
such as F and CI. 

[0028] Other than the above, homopolymer whose repeating unit is 
represented by the general formula (3) or (4) below or polyimide whose 
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repeating unit is represented by the general formula (5) below disclosed in JP 
8(l996)-5 11812 A may be used, for example. The polyimide represented by 
the formvda (5) below is a preferable mode of the homopolymer represented 
by the formula (3). 
5 [0029] [Chemical Formula 3] 




(3) 



[0030] [Chemical Formula 4] 




(4) 



[0031] [Chemical Formula 5] 




[0032] In the above general formvdae (3) to (5), G and G' eadi are a group 
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selected independently from the group consisting of, for example, a covalent 
bond, a CH2 group, a C(CH3)2 group, a C(CF3)2 group, a €(0X3)2 group 
(wherein X is halogen), a CO group, an O atom, an S atom, an SO2 group, an 
Si(CH2CH3)2 group and an NCCHa) group, and G and G' may be the same or 
5 different. 

[0033] In the above formulae (3) and (5), L is a substituent, and d and e 
indicate the number of substitutions therein. L is, for example, halogen, a 
Ci -3 aUcyl group, a halogenated Ci -3 alkyl group, a phenyl group or a 
substituted phenyl group, and when there are plural Ls, they may be the 

10 same or different. The above-mentioned substituted phenyl group may be, 
for example, a substituted phenyl group having at least one substituent 
selected from the group consisting of halogen, a C1-3 alkyl group and a 
halogenated Ci -3 alkyl group. Also, the above-mentioned halogen may be, 
for example, fluorine, chlorine, bromine or iodine, d is an integer from 0 to 2, 

15 and e is an integer from 0 to 3. 

[0034] In the above formulae (3) to (5), Q is a substituent, and f indicates the 
number of substitutions therein. Q may be, for example, an atom or a group 
selected from the group consisting of hydrogen, halogen, an alkyl group, a 
substituted alkyl group, a nitro group, a cyano group, a thioalkyl group, an 

20 alkoxy group, an aryl group, a substituted aryl group, an alkyl ester group 
and a substituted alkyl ester group and, when there are plural Qs, they may 
be the same or different. The above-mentioned halogen may be, for example, 
fluorine, chlorine, bromine or iodine. The above— mentioned substituted 
alkyl group may be, for example, a halogenated alkyl group. Also, the 

25 above— mentioned substituted aryl group may be, for example, a halogenated 
aryl group, f is an integer from 0 to 4, and g and h respectively are an 
integer from 0 to 3 and an integer from 1 to 3. Furthermore, it is preferable 
that g and h are larger than 1. 

[0035] In the above formula (4), R^^ and R^^ are groups selected 
30 independently from the group consisting of hydrogen, halogen, a phenyl 
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group, a substituted phenyl group, an alkyl group and a substituted alkyl 
group. It is particularly preferable that R^^ and R^^ independently are a 
halogenated alkyl group. 

[0036] In the above formtila (5), and may be the same or different and, 
5 for example, halogen, a Ci -3 alkyl group, a halogenated Ci -3 alkyl group, a 
phenyl group or a substituted phenyl group. The above-mentioned halogen 
may be, for example, fluorine, chlorine, bromine or iodine. The 
above-mentioned substituted phenyl group may be, for example, a 
substituted phenyl group having at least one substituent selected from the 
10 group consisting of halogen, a Ci - 3 alkyl group and a halogenated Ci -3 alkyl 
group. 

[0037] A spedfLc example of poljdmide represented by the formula (3) 
includes polyimide represented by the formula (6) below. 
[0038] [Chemical Formula 6] 

15 




[0039] Moreover, the above-mentioned polyimide may be, for example, 
copolymer obtained by copolymerizing acid dianhydxide and diamine other 

20 than the above-noted skeleton (the repeating imit) suitably, 

[0040] The above-mentioned acid dianhydride may be, for example, 
aromatic tetracarboxyhc dianhydride. The aromatic tetracarboxyhc 
dianhydride may be, for example, pyromellitic dianhydride, benzophenone 
tetracarboxyhc dianhydride, naphthalene tetracarboxyhc dianhydride, 

25 heterocydic aromatic tetracarboxyhc dianhydride or 2,2'-substituted biphenyl 
tetracarboxyhc dianhydride. 

[0041] The pyromeUitic dianhydride may be, for example, pyromelhtic 
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dianhydride, 3,6-diphenyl pyromellitic dianhydride, 

3,6-bis(trifluoromethyl)pyromellitic dianhydride, 3,6-dibromopyroinellitic 
dianhydride or 3,6-dichloropyromelhtic dianhydride. The benzophenone 
tetracarboxylic dianhydride may be, for example, 3,3',4,4'-benzophenone 
5 tetracarboxylic dianhydride, 2,3,3\ 4' -benzophenone tetracarboxyhc 

dianhydride or 2,2',3,3'-benzophenone tetracarboxyhc dianhydride. The 
naphthalene tetracarboxyhc dianhydride may be, for example, 
2,3,6,7-naphthalene-tetracarboxyhc dianhydride, 
1,2,5,6-naphthalene-tetracarboxyhc dianhydride or 
10 2,6-dichloro-naphthalene-l,4,5,8-tetracarboxyhc dianhydride. The 

heterocydic aromatic tetracarboxyhc dianhydride may be, for example, 
thiophene-2,3,4,5 -tetracarboxyhc dianhydride, 
pyrazine-2,3,5,6-tetracarboxyhc dianhydride or 

pyridine-2,3,5,6-tetracarboxyhc dianhydride. The 2,2' -substituted biphenyl 

15 tetracarboxyhc dianhydride may be, for example, 

2,2'-dibromo-4,4',5,5'-biphenyl tetracarboxyhc dianhydride, 
2,2'-dichloro-4,4\5,5'-biphenyl tetracarboxyhc dianhydride or 
2,2'-bis(trifluoromethyl)-4,4',5,5'-biphenyl tetracarboxyhc dianhydride. 
[0042] Other examples of the aromatic tetracarboxyhc dianhydride may 

20 include 3,3*,4,4'-biphenyl tetracarboxyhc dianhydride, 
bis(2,3-dicarbox5^henyDmethane dianhydride, 
bis(2,5,6-trifluoro-3,4-dicarboxyphenyl)methane dianhydride, 
2 ,2 -bis(3, 4-dicarboxyphenyl)- 1,1,1,3,3 , 3-hexa£luoropropane dianhydride, 
4,4'-bis(3 ,4-dicarboxyphenyl) -2 ,2 - diphenylprop ane dianhydride, 

25 bis(3,4-dicarboxyphenyl)ether dianhydride, 4,4'-oxydiphthahc dianhydride, 
bis(3,4-dicarboxyphenyDsuKonic dianhydride, 3,3',4,4'-diphenylsulfone 
tetracarboxyhc dianhydride, 

4,4'-[4,4'-isopropyhdene-di(p-phenyleneoxy)]bis(phthahc anhydride), 
N,N-(3,4-dicarboxyphenyD-N-methylamine dianhydride and 
30 bis(3,4-dicarboxyphenyDdiethylsilane dianhydride. 
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[0043] Among the above, the aromatic tetracarboxylic dianhydride 
preferably is 2,2'-substituted biphenyl tetracarboxylic dianhydride, more 
preferably is 2,2'-bis(trihalomethyl)-4,4',5,5'-biphenyl tetracarboxylic 
dianhydride, and further preferably is 
5 2,2*-bis(trifluoromethyl)-4,4\5,5'-biphenyl tetracarboxylic dianhydride. 
[0044] The above-mentioned diamine may be, for example, aromatic 
diamine. Specific examples thereof include benzenediamine, 
diaminobenzophenone, naphthalenediamine, heterocychc aromatic diamine 
and other giromatic diamines. 
10 [0045] The benzenediamine may be, for example, diamine selected from the 
group consisting of benzenediamines such as o-, m- and p-phenylenedianodne, 
2,4-diaminotoluene, l,4-diamino-2-methoxybenzene, 

l,4-diamino-2-phenylbenzene and l,3-diamino-4-chlorobenzene. Examples 
of the diaminobenzophenone may include 2,2'-diaminobenzophenone and 

15 3,3'-diaminobenzophenone. The naphthalenediamine may be, for example, 
1,8-diaminonaphthalene or 1,5-diaminonaphthalene. Examples of the 
heterocyclic aromatic diamine may include 2,6-diaminopyridine, 
2,4-diaminopyridine and 2,4-diamino-S-triazine. 
[0046] Further, other than the above, the aromatic diamine may be 

20 4,4'-diaminobiphenyl, 4,4'-diaminodiphenyl methane, 
4,4'-(9-fluorenyhdene)-dianiline, 
2,2'-bis(trifluoromethyl)-4,4'-diaminobiphenyl, 
3,3'- dichloro - 4, 4' - diaminodiphenyl methane , 
2,2'-dichloro-4,4'-diaminobiphenyl, 2,2',5,5'-tetrachlorobenzidine, 

25 2,2 -bis(4-aminophenoxyphenyDprop ane, 2,2-bis(4-aminophenyDpropane, 

2,2-bis(4-aininophenyl)-l,l,l,3,3,3-hexafluoropropane, 4,4'-diamino diphenyl 
ether, 3,4'-diamino diphenyl ether, l,3-bis(3-aminophenoxy)benzene, 
1 ,3 ■bis(4-aminophenoxy)benzene, 1 ,4-bis(4-aminophenoxy)benzene, 
4,4'-bis(4-aminophenoxy)biphenyl, 4,4'-bis(3 ■aminophenoxy)biphenyl, 

30 2,2-bis[4-(4-aminophenoxy)phenyl]propane, 
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2 ,2 -bis[4K4-aininophenoxy)pheiiyl] -1,1,1,3,3,3, hexafluoroprop ane, 
4,4'-diainino diphenyl thioether or 4,4'-diaiiiiQodiphenylsulfone. 
[0047] The polyetherketone as a material for forming the birefiringent film 
may be, for example, polyaryletherketone represented by the general formula 
5 (7) below, which is disclosed in JP 200 1-49 110 A. 
[0048] [Chemical Formula 7] 




10 [0049] In the above formula (7), X is a substituent, and q is the number of 

substitutions therein. X is, for example, a halogen atom, a lower alkyl group, 
a halogenated alkyl group, a lower alkoxy group or a halogenated alkoxy 
group, and when there are plural Xs, they may be the same or different. 
[0050] The halogen atom may be, for example, a fluorine atom, a bromine 

15 atom, a chlorine atom or an iodine atom, and among these, a fluorine atom is 
preferable. The lower alkyl group preferably is a Ci -6 straight or branched 
chain lower alkyl group and more preferably is a Ci -4 straight or branched 
chain alkyl group, for example. More specifically, it preferably is a methyl 
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an 

20 isobutyl group, a sec-butyl group or a tert-butyl group, and particularly 

preferably is a methyl group or an ethyl group. The halogenated alkyl group 
may be, for example, a haUde of the above-mentioned lower alkyl group such 
as a trifluoromethyl group. The lower alkoxy group preferably is a Ci -6 
straight or branched chain alkoxy group and more preferably is a Ci -4 

25 straight or branched chain alkoxy group, for example. More specifically, it 
further preferably is a methoxy group, an ethoxy group, a propoxy group, an 



17 



isopropoxy group, a butoxy group, an isobutoxy group, a sec-butoxy group or a 
tert butoxy group, and particularly preferably is a methoxy group or an 
ethoxy group. The halogenated alkoxy group may be, for example, a halide 
of the above-mentioned lower alkoxy group such as a trifluorometlioxy group. 
5 [005 1] In the above formula (7), q is an integer from 0 to 4. In the formula 
(7), it is preferable that q = 0 and a carbonyl group and an oxygen atom of an 
ether that are bonded to both ends of a benzene ring are present at para 
positions. 

[0052] Also, in the above formula (7), is a group represented by the 
10 formula (8) below, and m is an integer of 0 or 1. 
[0053] [Chemical Formvda 8] 




F 



15 [0054] In the above formula (8), X' is a substituent and is the same as X in 
the formula (7), for example. In the formula (8), when there are plural X*s, 
they may be the same or different, q' indicates the number of substitutions 
in the X' and is an integer firom 0 to 4, preferably, q' = 0. In addition, p is an 
integer of 0 or 1. 

20 [0055] In the formula (8), is a divalent aromatic group. This divalent 
aromatic group is, for example, an o-, m- or p phenylene group or a divalent 
group derived from naphthalene, biphenyl, anthracene, o-, m- or p-terphenyl, 
phenanthrene, dibenzofuran, biphenyl ether or biphenyl sulfone. In these 
divalent aromatic groups, hydrogen that is bonded directly to the aromatic 

25 may be substituted with a halogen atom, a lower alkyl group or a lower 

alkoxy group. Among them, the R^ preferably is an aromatic group selected 
from the group consisting of the formulae (9) to (15) below. 
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[0056] [Chemical Formula 9] 



(9) (10) 




[0057] In the above formula (7), the preferably is a group represented by 
the formvila (16) below, wherein and p are equivalent to those in the 
above— noted formula (8). 
[0058] [Chemical Formula 10] 




(16) 



[0059] Furthermore, in the formula (7), n indicates a degree of 
polymerization ranging, for example, from 2 to 5000 and preferably from 5 to 



« 
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500. The polymerization may be composed of repeating miits with the same 
structure or those with different structures. In the latter case, the 
poljntnerization form of the repeating units may be a block polymerization or a 
random polymerization. 

[0060] Moreover, it is preferable that an end on a p-tetrafluorobenzoylene 
group side of the polyaryletherketone represented by the formula (7) is 
fluorine and an end on an oxyalkylene group side thereof is a hydrogen atom. 
Such a polyaryletherketone can be represented by the general formula (17) 
below. In the formula below, n indicates a degree of polymerization as in the 
formula (7). 

[0061] [Chemical Formula 11] 



[0062] Spedfic examples of the polyaryletherketone represented by the 
formula (7) may include those represented by the formulae (18) to (21) below, 
wherein n indicates a degree of polymerization as in the formula (7). 
[0063] [Chemical Formula 12] 





(18) 



20 



[0064] [Chenaical Formula 13] 




5 [0065] [Chemical Formula 14] 

F F F F 

[0066] [Chemical Formula 15] 

10 




[0067] Other than the above, the polyamide or polyester as a material for 
forming the birefringent film may be, for example, polyamide or polyester 
15 described by JP 10(l998)-508048 A, and their repeating miits can be 
represented by the general formula (22) below. 
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[0068] [Chemical Formula 16] 




5 [0069] In the above formula (22), Y is O or NH. E is, for example, at least 
one group selected from the group consisting of a covalent bond, a C2 alkylene 
group, a halogenated C2 alkylene group, a CH2 group, a 0(0X3)2 group 
(wherein X is halogen or hydrogen), a OO group, an O atom, an S atom, an 
SO2 group, an Si(R)2 group and an N(R) group, and Es may be the same or 

10 different. In the above— mentioned E, R is at least one of a Ci -3 alkyl group 
and a halogenated Ci -3 alkyl group and present at a meta position or a para 
position with respect to a carbonyl functional group or a Y group. 
[0070] Further, in the above formula (22), A and A' are substituents, and t 
and z respectively indicate the numbers of substitutions therein, 

15 Additionally, p is an integer from 0 to 3, q is an integer from 1 to 3, and r is an 
integer from 0 to 3. 

[0071] The above-mentioned A is selected from the group consisting of, for 
example, hydrogen, halogen, a Oi -3 alkyl group, a halogenated Oi -3 alkyl 
group, an alkoxy group represented by OR (wherein R is the group defined 

20 above), an aryl group, a substituted aryl group by halogenation, a Ci -9 
alkoxycarbonyl group, a O1-9 alkylcarbonyloxy group, a O1-12 
aryloxycarbonyl group, a Oi - 12 arylcarbonyloxy group and a substituted 
derivative thereof, a Ci _ 12 arylcarbamoyl group, and a Oi - 12 
arylcarbonylamino group and a substituted derivative thereof. When there 

25 are plural As, they may be the same or different. The above— mentioned A' is 
selected from the group consisting of, for example, halogen, a Ci -3 alkyl 
group, a halogenated Oi -3 alkyl group, a phenyl group and a substituted 
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phenyl group and when there are plural A's, they may be the same or 
different. A substituent on a phenyl ring of the substituted phenyl group can 
be, for example, halogen, a Ci -3 alkyl group, a halogenated Ci -3 alkyl group 
or a combination thereof. The t is an integer firom 0 to 4, and the z is an 
5 integer from 0 to 3. 

[00721 Among the repeating units of the polyamide or polyester represented 
by the formula (22) above, the repeating unit represented by the general 
formvda (23) below is preferable, 
[0073] [Chemical Formula 17] 

10 




[0074] In the formula (23), A, A and Y are those defined by the formula (22), 
and V is an integer from 0 to 3, preferably is an integer from 0 to 2. 

15 Although each of x and y is 0 or 1, not both of them are 0. 

[0075] On the other hand, as the base, an optically transparent polymer film 
that can be stretched or shrunk is preferable. In particular, a polymer film 
that does not cause retardation when stretched is preferable from the aspect 
of practical use. Furthermore, a polymer film having excellent transparency 

20 is particularly preferable as the base because the laminate of this base and a 
birefringent film formed thereon can be used as an optical film as it is, for 
example. Also, in order to allow the above-described shrinking in the 
longitudinal direction to be carried out smoothly, a previously stretched film, 
a heat shrinkable film or the like preferably is used as the base, and a 

25 material for forming such a base preferably is a thermosetting resin, for 
example. 
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[0076] Specific examples of a material for forming the base iaclude 
polyolefins such as polyethylene, polypropylene and poly(4-methylpentene-l), 
polyimide, polyamide imide, polyamide, polyetherimide, polyether ether 
ketone, polyketone sulfide, polyether sulfone, polysuMbne, polyphenylene 
5 sulfide, polyphenylene oxide, polyethylene terephthalate, polybutylene 
terephthalate, polyethylene naphthalate, polyacetal, polycarbonate, 
polyalylate, acryhc resias, polyvinyl alcohols, polypropylene, cellulose-based 
plastics, epoxy resias, phenol resins, acetate resins such as triacetylcellulose 
(TAG), polyester resins, acrylic resins, polynorbomene resins, cellulose resins, 

10 polystyrene resins, polyvinyl alcohol resins, pol5rvinyl chloride resins, 

polyvinylidene chloride resdns, polyacryUc resins, and mixtures thereof. Also, 
liquid crystal polymers and the like can be used. Among them, 
polypropylene, polyethylene terephthalate, polyethylene naphthalate and the 
like are preferable, for example, considering a solvent resistance and a heat 

15 resistance. Also, the material for forming the base can be a mixture of a 
thermoplastic resin whose side chain has a substituted or unsubstituted 
imido group and a thermoplastic resin whose side chain has a substituted or 
unsubstituted phenyl group and a nitrile group as described in JP 
200 1-343529 A (WO 01/37007), for example. . Spedfic examples of the 

20 mixture include a resin composition containing an alternating copolymer of 
isobutene and N-methyl maleimide and an acrylonitrile-stjnrene copolymer. 
Among these materials, a mixture of a thermoplastic resin whose side chain 
has a substituted or unsubstituted imido group and a thermoplastic resin 
whose side chain has a substituted or unsubstituted phenyl group and a 

25 nitrile group is preferable, for example. 

[0077] Next, an example of a method for producing a birefringent film 
according to the present invention will be described. 

[0078] First, a polymer film to be stretched and shrunk is provided. The 
thickness of the polymer film is not particularly limited, and can be 
30 determined as appropriate depending on a desired retardation of the 
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resultant birefeingent film, the material of the pol5niier film, etc. In general, 
the thickness of the polymer film is, for example, in the range from 5 to 500 
|im, preferably from 10 to 350 [im, and more preferably firom 20 to 200 [xm. 
If the thickness of the poljnner film is within the above-described range, the 
5 film can have a sufficient strength so that, for example, firacture during 
stretching and shrinking can be prevented. Moreover, the lengths of the 
polymer filnri in the longitudinal direction and the width direction also are not 
particularly hmited, and may be determined as appropriate depending on the 
size of a stretching machine to be used etc., for example. 

10 [0079] This polymer film is stretched in the width direction while being 
shrunk in the longitudinal direction so as to satisfy the requirement 
represented by the above formiila (l). The stretdiing in the width direction 
and the shrinking in the longitudinal direction can be carried out, for 
example, by using a biaxial stretching machine. More specifically, it is 

15 possible to use a high-performance thin film machine (trade name- "FITZ") 
manufactured by The Ichikin, Ltd. that can perform stretching and shrinking 
at the same time, for example. According to this machine, a stretch ratio in 
the machine direction (the longitudinal direction of the film = the direction in 
which the film travels in the machine) and a stretch ratio in the cross 

20 direction (the width direction = the direction perpendicular to the traveling 
direction of the film) can be set as desired, and also a shrinkage ratio in the 
machine direction (the longitudinal direction) can be set as desired. 
Accordingly, this machine allows stretching and shrinking to be performed at 
the same time under desired conditions. Also, it is possible to use biaxial 

25 stretching machines that control a stretch ratio in the width direction by 
suitably combining generally— known control methods such as a rail width 
control method, a pantographic control method, and a method in which the 
speed of the film traveled by a hnear motor is controlled and also the length 
of the film in the longitudinal direction is controlled by changing the distance 

30 between cUps holding ends of the film, for example. 
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[0080] The temperature at which the stretching and shrinking are 
performed is not particularly hmited, and can be determined as appropriate 
depending on the kind of the poljnner film. However, it is preferable to set 
the temperature depending on the glass transition point of the poisoner film, 
5 for example. For example, it is preferable that the temperature is within 
±30''C from the glass transition point, more preferably ±20°C from the glass 
transition point, and particvdarly preferably ±10''C from the glass transition 
point. 

[0081] According to the above— described production method, it is possible to 
10 obtain a birefringent film of the present invention from the polymer film. 
The birefidngent film achieves excellent uniformity in properties such as 
birefringence, retardation, and an alignment axis, especially in these 
properties in the width direction. Note here that, although values of the 
birefringence and the retardation of the birefiingent film vary depending on, 
15 for example, the material of the polymer film used, the stretch ratio, etc., the 
birefringent film produced so as to satisfy the requirement represented by the 
formula (l) above can achieve excellent uniformity in the birefringence and 
the retardation, regardless of the magnitude of the birefringence and the 
retardation. 

20 [0082] In the birefringent film, accuracy in in-plane retardation "(nx - ny) • 
d", i.e., the variation in the retardation, preferably is within the range from 
-9% to -1-9%, more preferably from -8% to +8%, and still more preferably -7% 
to +7%, for example. On the other hand, accuracy in retardation "(nx - nz) • 
d" in the thickness direction preferably is within the range from -7% to +7%, 

25 more preferably -6% to +6%, and stiH more preferably -5% to +5%, for 

example. The accuracies in the respective retardations can be measured in 
the following manner. First, values of in— plane retardation and retardation 
in the thickness direction are measured at each of seven measuring points, 
which correspond to points dividing the width of the birefringent film into 

30 eight equal parts and at an equal distance from each end of the film in the 
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longitudinal direction. Average values of the obtained measured values for 
the in-plane retardation and the retardation in the thickness direction are 
calculated, respectively. Then, assuming that the respective average values 
are 100%, the difference between the average value of the in— plane 
5 retardation and each of the measured values for the in-plane retardation and 
the difference between the average value of the retardation in the thickness 
direction and each of the measured values for the retardation in the thickness 
direction are calculated as accuracies (%) of the in— plane retardation and the 
retardation in the thickness direction. 

10 [0083] In the birefringent film of the present invention, it is preferable that 
the variation in ahgnment axis angle in the X-axis direction (the slow axis 
direction) is not more than 5°, more preferably not more than 4°. According 
to the above-described method, the variation in the axis angle can be 
controlled so as to be within the above-described range, so that the 

15 uniformity in refractive index can be improved. Note here that the 

ahgnment axis angle means variation in the slow axis and can be calculated 
automatically by an automatic birefiingence analyzer (trade name- 
KOBRA-21ADH; manufactured by Oji Scientific Instruments), for example, 
and the variation can be represented as a difference between the maximum 

20 measure value and the minimum measured value when the alignment axis 
angles are measured at the plurality of points (seven points) in the same 
manner as that for the above-described measurement of the retardations, for 
example. In the present invention, the width direction exhibiting a greater 
change ratio is regarded as the slow axis direction. 

25 [0084] The thickness of the birefidngent film varies depending on the 

thickness of the polymer film used, the stretch ratio, etc., but generally is in 
the range firom 5 to 500 |am, preferably firom 10 to 350 jxm, and more 
preferably firom 20 to 200 |am. 

[0085] The method for producing the birefiingent film is not Hmited to the 
30 above-described method. For example, the birefidngent film may be 
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produced by forming a polymer film made of a non-liqmd crystal polymer as 
described above on a base and then subjecting this laminate to a stretching 
treatment and a shrinking treatment at the same time. In this case, the 
laminate of the base and the polymer film may be stretched and shrunk at 
5 the same time as will be described later, or alternatively, only the base 

included in the laminate may be stretched and shrunk, thereby treating the 
polymer film indirectly. Also, only the polymer film may be treated after it 
has been peeled off from the base. 

[0086] In the following, an example in which a polymer film is formed 

10 directly on a base will be described. First, a material for forming a polymer 
fjlm is dispersed or dissolved in a solvent to prepare a coating solution. The 
concentration of the material in the coating solution is not particularly 
Limited, but preferably is 0.5 wt% to 50 wt%, more preferably 1 wt% to 40 
wt%, and particularly preferably 2 wt% to 30 wt%, for example, so that the 

15 coating solution has a viscosity allowing the solution to be coated easily. 

Specifically, when the material is a non-Uquid crystal polymer, the amount of 
the polymer to be added preferably is in the range from 5 to 50 parts by 
weight, more preferably 10 to 40 parts by weight with respect to 100 parts by 
weight of the solvent. 

20 [0087] There is no particidar limitation on the solvent. The solvent can be 
determined suitably according to a type of the material of a polymer film. 
However, it is preferable to use a solvent that can dissolve the material and 
hardly corrodes the base. Specific examples thereof include halogenated 
hydrocarbons such as chloroform, dichloromethane, carbon tetrachloride, 

25 dichloroethane, tetrachloroethane, trichloroethylene, tetrachloroethylene, 
chlorobenzene and orthodichlorobenzeneJ phenols such as phenol and 
parachlorophenoL aromatic hydrocarbons such as benzene, toluene, xylene, 
methoxybenzene and 1,2-dimethoxybenzene; ketone-based solvents such as 
acetone, methyl ethyl ketone, methyl isobutyl ketone, cyclohexanone, 

30 cyclopentanone, 2-pyrroHdone and N-methyl-2-pyrroUdone; ester— based 
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solvents such as ethyl acetate and butyl acetate; alcohol-based solvents such 
as t-butyl alcohol, glycerin, ethylene glycol, triethylene glycol, ethylene glycol 
monomethyl ether, diethylene glycol dimethyl ether, propylene glycol, 
dipropylene glycol and 2-methyl-2,4-pentanediol; amide-based solvents such 
5 as dimethylformamide and dimethylacetamide; nitrile— based solvents such as 
acetonitrile and butyronitrile; ether-based solvents such as diethyl ether, 
dibutyl ether and tetrahydrofiiran; and carbon disulfide, ethyl cellosolve, 
butyl cellosolve, and sulfuric acid. These solvents may be used alone or in 
the form of a mixture of two or more. 
10 [0088] In the coating solution, various additives such as surfactants, 
stabilizers, plasticizers, metals and the like further may be blended as 
necessary. 

[0089] Moreover, the coating solution may contain other resins as long as the 
ahgning property of the material does not drop considerably Such resins 
15 can be, for example, resins for general purpose use, engineering plastics, 
thermoplastic resins and thermosetting resins. 

[0090] The resins for general purpose use can be, for example, polyethylene 
(PE), polypropylene (PP), polystyrene (PS), polymethyl methacrylate (PMMA), 
an ABS resin, an AS resin or the like. The engineering plastics can be, for 

20 example, polyacetate (POM), polycarbonate (PC), polyamide (PA: nylon), 

polyethylene terephthalate (PET), polybutylene terephthalate (PBT) or the 
like. The thermoplastic resins can be, for example, polyphenylene sulfide 
(PPS), polyethersulfone (PES), polyketone (PK), polyimide (PI), 
polycydohexanedimethanol terephthalate (PCT), polyarylate (PAR), hquid 

25 crystal polymers (LCP) or the hke. The thermosetting resins can be, for 
example, epoxy resins, phenolic novolac resins or the like. When the 
above-described other resins are blended in the coating solution as 
mentioned above, the blend amount ranges, for example, from 0 wt% to 50 
wt%, preferably from 0 wt% to 30 wt%, with respect to the material. 

30 [009 1] Next, the prepared coating solution is coated onto a surface of the 
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base to form a coating layer of the material. Examples of the method of 
coatiag the coating solution on the base include spin coating, roll coating, 
printing, immersion, curtain coating, wire-bar coating, a doctor blade method, 
knife coating, tie coating, gravure coating, micro-gravure coating, offset 
5 gravure coating, lip coating, and spray coating. In the coating, polymer 
layers can be superimposed as required. 

[0092] The thickness of the base is not particularly limited, but generally is 
10 \im or more, preferably in the range from 10 to 200 |im, more preferably in 
the range from 20 to 150 |im, and particularly preferably in the range from 30 

10 to 100 i^m. When the thickness of the base is 10 \im or more, the base will 
have suflELdent strength in the stretching and shrinking treatments that will 
be described later, so that the occurrence of unevenness or the like in the 
stretching and shrinking treatments can be suppressed suGELciently. On the 
other hand, it is preferable that the base has a thickness of 200 ^im or less 

15 because the stretching treatment can be performed with suitable tensile 
force. 

[0093] Thereafter, the coating layer formed on the base is dried. By drying 
the coating layer, the polymer film material is hardened on the base, thereby 
forming a poljnner film directly on the base. 

20 [0094] A drying method is not particularly Hmited but can be air drjdng or 
heat drying, for example. Conditions for drying can be determined suitably 
depending on the kind of the material, the kind of the solvent, etc., but the 
drying temperature is, for example, 40''C to 250°C, preferably 50°C to 200^C. 
The coating layer may be dried at a fixed temperature. Alternatively, the 

25 temperature may be increased or decreased gradually diuing the drying step. 
Though the drying time is not particularly limited, it may be, for example, 
from 10 seconds to 60 minutes, preferably from 30 seconds to 30 minutes 
[0095] The amount of the solvent of the polymer solution remaining in the 
polymer film after the drying preferably is not more than 5%, more preferably 

30 not more than 2%, and still more preferably not more than 0.2%, for example. 
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because change in optical characteristics of the polymer film over time may 
be caused in proportion to the amoimt of the remaining solvent. 
[0096] The thickness of the poisoner film formed on the base is not 
particularly Umited. However, in general, the thickness of the polymer film 
5 preferably is set in the range from 0.5 to 10 |am, more preferably firom 1 to 8 
|im, and particularly preferably 1 to 7 Mm. 

[0097] Subsequentiy, the polymer film formed on the base is subjected to a 
stretching treatment and a shrinking treatment at the same time under the 
above-described conditions. In this case, for example, only the polymer film 

10 may be stretched and shrunk directiy, or alternatively, the laminate of the 
base and the poljrmer film may be stretched and shrunk. In particular, for 
the following reason, it is preferable to treat only the base. That is, when 
only the base is stretched and shrunk, the polymer film formed on the base is 
stretched and shrunk indirectly due to the stretching and shrinkage of the 

15 base. In general, imiform treatments can be carried out easily with respect 
to a single layer rather than a laminate. Therefore, when only the base is 
treated as described above, the base can be stretched and shrunk uniformly, 
which allows the polymer film on the base also to be stretched and shnmk 
xmiformly. Also, it is possible to treat only the polymer film after it has been 

20 peeled off from the base. 

[0098] When the birefringent film of the present invention is formed on the 
base as described above, the laminate of the birefringent film and the base 
may be used, or the birefringent film peeled off from the base may be used as 
a single layer, for example. Also, after the birefringent film is peeled off 

25 firom the base (hereinafter referred to as a "first base"), the birefidngent film 
may be laminated (transferred) again on another base (hereinafter referred to 
as a "second base") that does not interfere with the optical characteristics of 
the birefiingent film via an adhesive layer, for example. 
[0099] The second base is not particularly Umited as long as it has suitable 

30 flatness. Preferable examples thereof include glasses and polymer films that 
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are transparent and optically isotropic. The polymer film may be made of, 
for example, polymethacrylate, polystyrene, polycarbonate, polyethersnlfone, 
polyphenylene sulfide, polyalylate, amorphous polyolefin, TAG, an epoxy 
resin, and a resin composition containing an isobutene/N -methyl maleimide 
5 copolymer and an acrylonitrile/styrene copoljnner as described above. 
Among them, poljnnethyl methacrylate, polycarbonate, polyalylate, TAG, 
polyethersnlfone, a resin composition containing an isobutene/N-methyl 
maleimide copolymer and an acrylonitrile/styrene copolymer, and the like are 
preferable. The second base may be optically anisotropic depending on the 
10 intended use thereof. As the optically anisotropic base, a retardation film 
obtained by stretching a polymer film made of polycarbonate polystsorene, a 
norbomene-based resin or the like, a polarizing film, etc. may be used, for 
example. 

[0100] With regard to the adhesive layer used when transferring the 
15 birefringent film as described above, it is only required that the adhesive 

layer can be used for optical uses. For example, an adhesive or a 

pressure— sensitive adhesive based on acrylic substances, epoxy, urethane or 

the hke may be used for forming the adhesive layer. 

[010 1] Next, an optical film of the present invention is only reqidred to 
20 include the above-described birefringent film of the present invention, and 

there is no limitation on the configuration thereof, e.g., whether or not the 

above— described base is included therein. 

[0102] Preferably, the optical film of the present invention further includes a 
pressure-sensitive adhesive layer as an outermost layer. This facilitates 

25 adhesion of the optical film of the present invention with the other members 
such as the other optical layers and a hquid crystal cell, so that, for example, 
the optical film of the present invention can be prevented from being peeled 
ojff. The pressure-sensitive adhesive layer may be provided on one or both 
surfaces of the optical film of the present invention. 

30 [0 103] The material for forming the pressvire-sensitive adhesive layer is not 
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particularly limited. Examples of the material for forming the 
pressure— sensitive adhesive layer include pressure-sensitive adhesives based 
on acryUc substances, silicone, polyester and rubbers. Fine particles can 
also be blended into these materials in order to form an adhesive layer having 
5 a light-difiEiision property. Among them, materials having excellent 
moisture-absorption and heat resistance are preferable. When the 
pressure-sensitive adhesive layer formed of a material with such properties 
is used in a Uquid crystal display, for example, the liquid crystal display can 
have high quality and excellent durability, since foaming and peeling caused 
10 by moisture absorption, degradation in optical characteristics, warping of a 
Uquid crystal cell caused by a difference in the thermal expansion or the hke, 
etc. can be prevented. 

[0 104] The optical film of the present invention may be composed of a 
birefiringent film of the present invention alone as mentioned above or may be 

15 a laminate of a birefringent film of the present invention and one or more 

other optical members as necessary. The other optical member(s) is (are) not 
particxilarly hmited, and examples thereof include other birefringent films, 
other retardation films, liquid crystal films, Hght scattering films, lens sheets, 
dif&action films, and polarizing plates. 

20 [01051 When the optical film of the present invention includes a polarizing 
plate, the polarizing plate may be composed of a polarizer alone of may 
include a transparent protective layer on one or both surfaces of the polarizer. 
[0106] The optical film of the present invention can be used preferably for 
forming various devices such as a hquid crystal display. For example, the 

25 optical film of the present invention may be arranged on at least one surface 
of a Hquid crystal ceU in order to form a hquid crystal panel for use in a hquid 
crystal display. The method of arranging the optical film is not particularly 
limited, and may be arranged in the same manner as that for arranging an 
optical film including a conventional birefringent film. 

30 [0107] A hquid crystal cell to compose the hquid crystal display can be 
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selected arbitrarily. For example, it is possible to use various liquid crystal 
ceUs of an active matrix driving type such as a thin film transistor or MIM, 
an IPS driving tj^e, a plasma addressing driving type, and a simple matrix 
driving type represented by a twist nematic t3^e and a super twist nematic 
5 type. Specific examples of the Hquid crystal cell include STN (Super Twisted 
Nematic) cells, TN (Twisted Nematic) cells, IPS dn-Plane Switching) cells, 
YA (Vertical Nematic) cells, OCB (Optically Controlled Birefiingence) cells, 
HAN (Hybrid Ahgned Nematic) cells, ASM (Axially Symmetric Ahgned 
Microcell) ceUs, ferroelectric cells, antiferroelectric cells, and those subjected 

10 to systematic ahgnment-division or random alignment-division. 

[0108] The hquid crystal display including an optical film of the present 
invention may be of a transmission type including a backhght system, a 
reflection type including a reflection plate, or a projection type, for example. 
[0109] The optical film of the present invention can be used not only in the 

15 above— described hquid crystal displays but also in, for example, 

self— hght-emitting displays such as an organic electroluminescence (EL) 
display, a PDP and a FED, In this case, the configuration of the 
self-hght-emitting displays is not Limited as long as an optical film of the 
present invention is used instead of a conventional optical film. 

20 [0110] Hereinafter, the present invention wiU be described more spedficaUy 
by way of examples and comparative examples. However, the present 
invention is not hmited to the following examples. Note here that various 
characteristics of a birefringent film mentioned in the following examples and 
comparative examples were measured in the following manner. 

25 [Olll] (Measurement of birefidngence, retardation, and axis angle 
distribution) 

An automatic birefiingence analyzer (trade name- KOBRA— 21ADH; 
maniifactured by Oji Scientific Instruments) was used to measure the 
birefringence, retardation, and axis angle distribution at a wavelength of 590 
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nm. 
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[0 1 12] (Measurement of film thickness) 

The thickness of a birefringent film was measured using an instant 
mviltiple photometry system (trade name^ MCPD-2000; manufactured by 
Otsuka Electronics Co., Ltd.). 
5 Example 1 

[0113] Using a high-performance thin film machine (trade name- 'TITZ"; 
manufactured by The Ichikin, Ltd.), an unstretched polycarbonate film 
(manufactured by Kaneka Corporation) having a thickness of 68 fim and a 
width of 330 mm continuously was stretched in the width direction while 

10 being shrunk in the longitudinal direction, thus forming a birefringent film. 
Note here that the above treatment was carried out at a temperature of 
160°C so that the STD in the width direction would be 1.2 and the SMD in 
the longitudinal direction would be 0.93. The value of (l/STD)i/2 was 0.913, 
so that the requirement represented by the formula (l) above was satisfied. 

15 With regard to this birefringent film, variation in ahgnment axis angle in the 
width direction, in-plane retardation (And = (nx - ny) • d) as weU as variation 
therein, retardation (Rth = (nx - nz) • d) in the thickness direction as weU as 
variation therein were measured in the above-described manner, and the 
occurrence of wrinkles and cracks was observed visually. The results are 

20 shown in Table 2 below. In Table 2, variation in alignment axis angle 
denotes a difference between the maximum measured value and the 
minimum measured value among the measured values obtained at seven 
measuring points. Also, note here that nx, ny and nz respectively represent 
refiractive indices in an X— axis direction (i.e., a slow— axis direction), a Y-axis 

25 direction, and a Z— axis direction in the birefringent film, with the X— axis 
direction being an axial direction exhibiting a maximum refiractive index 
within a plane of the birefringent film, the Y— axis direction being an axial 
direction perpendicxilar to the X axis within the plane, and the Z-axis 
direction being a thickness direction perpendicular to the X axis and the Y 

30 axis, and d represents a thickness of the birefringent film. 
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[0114] (Comparative Example l) 

Abirefringent film was produced in the same manner as in Example 

1 except that the imstretched polycarbonate film was stretched uniaxially so 

that the STD in the width direction wovdd be 1.2, without causing shrinkage 
5 in the longitudinal direction. Also, characteristics of the thus-obtained 

bire&Lngent filTn were examiued in the same manner as in Example 1. The 

results are shown in Table 2 below. In this comparative example, SMD = 1. 

[0115] (Comparative Example 2) 

Abirefringent film was produced in the same manner as in Example 
10 1 except that the STD in the width direction was set to 1.2 and the SMD in 

the longitudinal direction was set to 0.9, so that (l/STD)i'2 would be 0.913. 

Also, characteristics of the thus— obtained birefringent film were examined in 

the same manner as in Example 1. The results are shown in Table 2 below. 

In this birefringent film, (l/STD)i/2 > SMD. 
15 Example 2 

[0116] As a material for forming a polymer film, polyimide (Mw - 120000) 
whose repeating unit was represented by the general formula (6) below was 
ssmthesized firom 2,2'-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride 
(6FDA) and 2,2'-bis(trifluoromethyD-4,4'-diaminobiphenyl (PFMB). Then, 

20 this polsdmide was dissolved in MIBK to prepare a 20 wt% polyimide solution. 
The thus-obtained polyimide solution was continuously coated on a TAG film 
(trade name: TF80UL; manufactured by Fuji Photo Film Co., Ltd.) (400 mm 
in width, 40 \xra in thickness) by blade coating. The polyimide coating layer 
was dried at 120^C for 2 minutes, thus forming a polyimide film having a 

25 thickness of 6.0 ^im. This polyimide film had birefringence exhibiting optical 
uniaxiahty (nx = ny > nz), an in-plane retardation of 0.4 nm, and a 
retardation in the thickness direction of 248 nm. Moreover, a laminate of 
the base and the polyimide film was continuously stretched in the width 
direction while being shrunk in the longitudinal direction, thus forming a 

30 birefringent film. Note here that the above treatment was carried out at a 
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temperature of IGO^'C so that the STD in the width direction would be 1.1 and 
the SMD in the longitudinal direction would be 0.97. The value of (l/STD)i'2 
was 0.953, so that the requirement represented by the formula (l) above was 
satisfied. Note here that the above-described stretching in the width 
5 direction and shrinking in the longitudinal direction caused substantially no 
retardation in the base. With regard to this birefringent film, the respective 
characteristics were examined in the same manner as that in Example 1. 
The results are also shown in Table 2 below. 
[0117] [Chemical formula 18] 

10 




[0 1 18] (Comp arative Example 3) 

A birefdngent film was produced in the same manner as in Example 
15 2 except that the laminate was stretched uniaxiaUy so that the STD in the 

width direction woxdd be 1.1, without causing shrinkage in the longitudinal 

direction. Also, characteristics of the thus-obtained birefringent film were 

examined in the same manner as in Example 2. The results are shown in 

Table 2 below. In this comparative example, SMD = 1. 
20 [0 1 19] (Comp arative Example 4) 

A birefringent film was produced in the same manner as in Example 

2 except that the STD in the width direction was set to 1.1 and the SMD in 

the longitudinal direction was set to 0.9, so that (l/STD)i/2 would be 0.913. 

Also, characteristics of the thus-obtained birefringent film were examined in 
25 the same manner as in Example 2. The results are shown in Table 2 below. 

In this birefringent film, (l/STD)i/2 > SMD. 

[0120] [Table 2] 
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Ex. 1 



Comp. Ex. 1 



Comp. Ex. 2 



Ex.2 



Comp. Ex. 3 



Comp. Ex. 4 



Variation 
in 

alignment 
axis angle 

(°) 



3.6 



20.6 



8.1 



2.3 



11.3 



And 
(nm) 

218.6 
173.7 
235.1 
49.7 
50.9 
63.0 



Variation 
in And 

(%) 
±10.5 

±18.2 

±15.3 

±3.2 

±10.4 

±10.1 



Rth 

0am) 

284.8 
394.1 
301.4 
250.7 
309.2 
261.4 



Variation 
in Rth 

(%) 
±12.1 

±22.5 

±17.2 

±3.0 
±25.5 

±8.5 



Appearance 



No 

abnormalities 
No 

abnormalities 

wrinkles were 
formed 



No 

abnormalities 
No 

abnormalities 

wriakles were 
formed 



[0121] As shown in Table 2, in the bire&ingent film of Example 1 in which 
the stretching and shrinking were performed so as to satisfy the requirement 
represented by the formida (l), variations in the ahgnment axis angle, And 
and Rth were significantly smaller than those in the birefringent film of 
Comparative Example 1 in which only the stretching in the width direction 
was performed. Furthermore, in the bire&ingent film of Comparative 
Example 2 in which the stretching and shrinking did not satisfy the 
requirement represented by the formula (l) though they were performed at 
the same time, wrinkles were formed in the width direction. In contrast, the 
birefringent film of Example 1 was advantageous not only in that variations 
in And and Rth were suppressed but also in that excellent appearance could 
be achieved. On the other hand, with regard to the birefiingent film of 
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Example 2 formed as a laminate of the base and the polyimide film, since the 
stretching and shrinking were performed so as to satisfy the requirement 
represented by the formula (l), variations in the ahgnment axis angle, And 
and Rth were significantly smaller than those in the birefidngent film of 
5 Comparative Example 3 in which only the stretching in the width direction 
was performed. Furthermore, in the birefiiagent film of Comparative 
Example 4 in which the stretching and shrinking did not satisfy the 
requirement represented by the formula (l) though they were performed at 
the same time, wrinkles were formed in the width direction. In contrast, the 

10 birefiringent film of Example 2 was advantageous not only in that variations 
in And and Rth were suppressed but also in that excellent appearance could 
be achieved. Based on these results, it can be said that the method of the 
present invention can produce a birefiingent film that has not only excellent 
appearance but also excellent uniformity in optical characteristics with 

15 variations in ahgnment axis angle, in-plane retardation, retardation in the 
thickness direction, etc. being suppressed, and thus, such a birefidngent film 
can contribute to the improvement in display characteristics of various image 
displays such as a liquid crystal display. Moreover, because the method of 
the present invention allows a birefiingent film with excellent appearance 

20 and optical characteristics to be obtained even when a polymer film is 
stretched in the width direction, the method of the present invention is 
particularly useful, for example, when attaching the birefringent film and a 
polarizing film to each other continuously in the state where the transmission 
axis of the birefringent film is parallel to the slow axis of the polarizing film 

25 as described above. 

Industrial Applicability 

[0122] As specifically described above, by carrying out the stretching in the 
width direction and the shrinking in the longitudinal direction so as to satisfy 
the requirement represented by the formula (l) above, it is possible to obtain 
30 a birefringent film that is excellent in appearance and optical characteristics 
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with its birefringence and retardations in the in— plane direction and the 
thickness direction being uniform. The bire&ingent film with such excellent 
optical characteristics can be used suitably in various optical films, for 
example, and when it is used in various image displays such as a liquid 
crystal display, it can realize excellent display characteristics. 



